The increasing popularity of social media worldwide provides us with an opportunity to understand social, cultural, and environmental issues about people's perception of sustainability. The article aims at identifying the main topics of communication related to hashtag # sustainability based on a communication analysis on the Twitter network. We investigated the perception of sustainability using data from 414,926 Twitter interactions by 223,476 users worldwide. The data were recorded between April 17, 2018 and July 12, 2019. We identified Innovation, Environment, Climate Change, Corporate Social Responsibility, Technology, and Energy as key hashtags in the field of sustainability. In conjunction with this, we identified the six following communities: (1) Environmental Sustainability, (2) Sustainability Awareness, (3) Renewable Energy and Climate Change, (4) Innovative Technology, (5) Green Architecture, and (6) Food Sustainability. The usage of these communities is applicable in marketing communication as well as in the Corporate Social Responsibility activities of the given companies. The results of the analysis give the organizations a possible direction for their sustainable business model improvement via the contribution of society´s voice.
Introduction
As mankind's efforts to attain sustainable development increase, each year sees more research studies into this topic [1] . Sustainability has received more attention in the past few decades, and has, increasingly, been incorporated into the agendas of policymakers and institutions, as well as into the strategies of companies. The term "sustainability" is often rather vaguely used to describe everything that is good and desirable [2] . With mounting evidence of environmental risks such as climate change, the rate of biodiversity loss, and the global nitrogen cycle, comes an increase in the public's attention to sustainability. These environmental issues have been investigated since the 1960s, and the core question has primarily been whether the present prosperity can be maintained [3, 4] . This could explain why the concept of sustainability used to be frequently considered in the context of environmental issues. Even though its social and economic dimensions have been considered at the same time [5] , they tended to be viewed as less significant issues [6] . The global attention to sustainability began after the Stockholm Conference on the Human Environment in 1972 and the report Limits to Growth, in which the tensions between the environment and development were first acknowledged. These were followed by the 1980s' World Conservation Strategy of the International Union for the Conservation Sustainability 2019, 11, 6958 2 of 16 of Nature, which argues for a sustainable development that uses species, ecosystems, and resources, as well as for the use of conservation as a means of development [7] .
In 1982, the World Commission on Environment and Development was initiated by the General Assembly of the United Nations. Its 1987 report, Our Common Future (aka the Brundland Report), marked a major step forward in global or 'one-world' thinking [8] . The report defined sustainable development as "development that meets the needs of the present without compromising the ability of future generations to meet their own needs" [8] (p. 26) . This definition has been used by research in the fields of renewable sources [9] [10] [11] [12] , mechanical engineering [13, 14] , agriculture [15] , knowledge and innovation management [16] [17] [18] [19] [20] , the environment [21] [22] [23] , logistics [24] , sustainable development [25] [26] [27] [28] [29] , and innovations in the construction industry [30] . Sustainability is therefore a broad concept that has been used in a wide variety of fields, from human sciences to highly technological fields.
Another step forward in the global recognition of the importance of sustainability was the United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro in 1992 (commonly known as the 'Earth Summit') and its declaration of principles. It consists of Agenda 21, which is a detailed account of desired actions, international agreements on climate change and biodiversity, and a statement of principles on forests. What is remarkably relevant to the extensive dissemination of the term 'sustainability', and its common understanding, is the triple bottom line -the three pillars of the concept: people, profit and planet [31] . During the United Nations (UN) Millennium Summit in 2000, 147 states gathered and adopted the Millennium Development Goals (MDGs). The Summit predominantly addressed various dimensions of poverty, including hunger, disease, income, poverty, and exclusion and lack of adequate shelter, while simultaneously focusing on education, gender equality, and environmental issues, with quantitative targets set for 2015 [6] . After the World Summit on Sustainable Development in South Africa in 2002, sustainability spread rapidly as a movement, becoming crucial to the missions of various stakeholders, referring to the triple bottom line as systematically and continuously intertwined environmental, economic, and social spheres [7] .
In 2015, the United Nations' 2030 Agenda for Sustainable Development set 17 interconnected Sustainable Development Goals (SDGs) and 169 associated targets that aimed to shape global development policy and actions (UNGA, 2015). These SDGs not only focused on persistent needs, such as education, health, poverty eradication, and a clean environment, but also set forward 'softer' needs, such as more peaceful and inclusive societies [32] . It is worth noting that only several targets refer to ICT, but the Agenda fundamentally recognizes the potential of global interconnectedness and knowledge societies [33] , pointing out that with the rapid development of ICT, including social media, SDGs should be dynamic and flexible in responding to unpredictable changes.
Value of Social Media Analysis
Monitoring and identifying current technological trends "is crucial for government policy, research and development, strategic planning, social investment, and enterprise practices" [34] (p. 687), such as decision-making about the technology portfolio or investment incentives [35] . Over 2.82 billion people use social media [36] , and analyzing the data derived from social media offers insights into worldwide communication. Indeed, interest groups are no longer passive message recipients, but actively co-create communication in individual social networks [37] . They may be active on standard social networks such as Twitter and Instagram or on discussion forums [38] , or they may insert their comments into articles in on-line news sites [39] . Such activities in social media take the form of expressing one's opinions, describing experiences, informing others of research results, or broadcasting realized or planned activities [40] [41] [42] . This constitutes the main reason to pay attention to an analysis of the communicated content. Content analysis allows us to understand key aspects of a discussion, identify the key topic, potentially engage interest groups, and encourage a communication partner to become a part of a conversation [43] . One cannot only acquire data containing messages from a communication. It is necessary to employ methods from social media analysis and social network Sustainability 2019, 11, 6958 3 of 16 theory to understand the conversation [40] . In the area of social network analysis, it is possible to use the content analysis of the text and the analysis of the attachment, photo or video [44] . So far, photo and video analysis is only a marginal area of social network analysis, which is gaining in importance due to rapidly growing content sharing on Instagram, which is mainly specialized in images [45] . The aim of image analysis is primarily to provide further information on the context of the report, such as the location (for example a farmers' market or a railway station) or fashion trends [45] . The text analysis is then focused on identifying keywords, using social networking techniques based on frequency distributions [46] , or eigenvector and betweenness centrality [41, 42] . Another area of the text analysis is sentiment analysis, which focuses on identifying the users' feelings [47] . The current limitation of this analysis is the categorization of data, which makes it very difficult to identify irony and sarcasm. That is the reason why the current research focuses on the prospective use of artificial intelligence in this field [48] . An alternative way to achieve the knowledge-from-text part of social networking data is analyzing the content of a communication by means of a hashtag analysis [41, 42] , a method that focuses exclusively on the hashtag type of metadata tag used on social networks to establish communities and to represent users voices [49] , which was the focus of the present study. Namely, we adopted a communication analysis of the Twitter network to identify the main topics of communication related to the hashtag #sustainability.
Materials and Methods
The Netlytic Software [50] was used to acquire tweets (messages) from Twitter social network communication. The data were recorded between April 17, 2018 and July 12, 2019. The software captured messages that used the hashtag #sustainability. A total of 414,926 Twitter messages written by 223,476 unique users worldwide were recorded during this period. The data analysis is based on the Knowledge Discovery in Databases (KDD) process [51] and is modified to the social media data analysis requirements with a focus on hashtags (see Figure 1 ). The process consists of 4 activities:
(1) Content filtration -As the analysis only focused on hashtags, all words that were not preceded by the symbol # were removed. This led to a dataset that consisted purely of hashtags (i.e., words beginning with the symbol #). (2) Content transformation -Subsequently, all letters were transformed to lower-case letters to prevent potential duplicities (e.g., the software might consider #Environment and #environment as two different hashtags). A further correction was made to break up strings of connected hashtags, e.g., "#environment#energy" was converted to "#environment #energy". The data set was imported into Gephi 0.9.2. Thus, a network was created containing 44,219 nodes (hashtags) that were interconnected by 423,276 edges (see Figure 2 ). The data were used for the basic network characteristics (see Table 1 ) and the frequency value (see Table 2 ). (3) Hashtag reduction -To detect communities is necessary to process a hashtag reduction to remove micro-communities. A large number of communities is caused by an extensive number of hashtags that contained local hashtags and hashtags created by the users themselves. (4) Data Mining -The following methods were used to describe the network. Note: ** Hashtags that occurred fewer than 50 times in the dataset were removed from the network. The Netlytic Software [50] was used to acquire tweets (messages) from Twitter social network communication. The data were recorded between April 17, 2018 and July 12, 2019. The software captured messages that used the hashtag #sustainability. A total of 414,926 Twitter messages written by 223,476 unique users worldwide were recorded during this period. The data analysis is based on the Knowledge Discovery in Databases (KDD) process [51] and is modified to the social media data analysis requirements with a focus on hashtags (see Figure 1 ). The process consists of 4 activities: (1) Content filtration -As the analysis only focused on hashtags, all words that were not preceded by the symbol # were removed. This led to a dataset that consisted purely of hashtags (i.e., words beginning with the symbol #). (2) Content transformation -Subsequently, all letters were transformed to lower-case letters to prevent potential duplicities (e.g., the software might consider #Environment and #environment as two different hashtags). A further correction was made to break up strings of connected hashtags, e.g., "#environment#energy" was converted to "#environment #energy". The data set was imported into Gephi 0.9.2. Thus, a network was created containing 44,219 nodes (hashtags) that were interconnected by 423,276 edges (see Figure 2 ). The data were used for the basic network characteristics (see Table 1 ) and the frequency value (see Table 2 ). (3) Hashtag reduction -To detect communities is necessary to process a hashtag reduction to remove micro-communities. A large number of communities is caused by an extensive number of hashtags that contained local hashtags and hashtags created by the users themselves. (4) Data Mining -The following methods were used to describe the network.
Eigenvector Centrality
Eigenvector centrality is an extension of the degree centrality and measures the influence of hashtags in a network. The value is calculated based on the premise that connections to hashtags with high values (hashtags with a high degree centrality) have a greater influence than links with hashtags of similar or lower values. A high eigenvector centrality score means that a hashtag is connected to many hashtags with a high value and is calculated as follows:
where M(v) denotes a set of adjacent nodes and λ is the largest eigenvalue. The eigenvector x can be expressed by Equation (2): = .
(2)
Average Degree
The average network degree k is calculated as the average degree of all hashtags in the network ki divided by the number of hashtags N:
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Modularity
Most complex networks contain nodes that are mutually interconnected to a larger extent than with the rest of the network. Groups of such nodes are called communities [52] . The modularity represents an index that identifies the cohesion of communities within a given network [53] . The idea is to identify node communities that are mutually interconnected to a greater degree than other nodes. Networks with a high modularity show strong links between nodes inside modules but weaker links between nodes in different modules [54] . The component analysis then identifies the number of different components (in the case of community modularity) in the network based on the modularity detection analysis [55] , as follows:
where in is the sum of the weighted links inside the community, tot is the sum of the weighted links incident to the hashtags in the community, k i is the sum of the weighted links incident to the hashtag i, k i,in is the sum of the weighted links going from i to the hashtags in the community, and m is the normalizing factor as the sum of the weighted links for the whole graph.
Results and Discussion
The unreduced network contained 44,219 hashtags (nodes) that were interconnected by 423,276 edges. The network was used to identify the frequency and degree values (see Table 2 ).
A total of 1027 communities were extracted in the unreduced network based on community identification. The reason for a large number of communities lies in the large number of hashtags that contained local hashtags and hashtags created by the users themselves. The network reduction (i.e., removing hashtags that occurred fewer than 50 times in the whole dataset) led to a total of 1927 hashtags. The unreduced network was used for the identification of communities and to calculate the eigenvector centrality value (see Table 2 ). The reduced network was used for relation analysis (see Tables 3 and 4 ) and for community analysis (see Table 5 ). 2180  #sdgs  1330  #environment  1980  #environment  1884  #leadership  1258  #renewableenergy  1874  #construction  1826  #environment  1162  #renewables  1616  #renewableenergy  1450  #climatechange  1100  #renewable  1454  #electriccars  1408  #supplychain  1014  #innovation  1428  #technology  1212  #susty  890  #energyefficiency  1090  #transport  1182  #sustainable  860  #cleantech  966  #environmenthttps  1170  #rse  792  #blockchain  948  #iot  1168  #socialimpact  774  #tech  938  #thursdaythoughts  1158  #climate  770  #green  924  #ai  1140  #climateaction  740  #cleanenergy  866  #smartcities  1100  #ethics  642  #water  858  #pollution  1030  #bizhumanrights  600  #climate  756 Note: Edge Weight: number of connections between hashtags. The basic frequency analysis revealed that the most frequently used hashtag in connection to the hashtag #sustainability was #innovation. The field of sustainability uses the term Sustainability-Oriented Innovation (SOI) to refer to a key strategic approach that organizations can adopt to contribute to sustainable development [56] [57] [58] [59] and which is vital for sustainable consumption and production [60] . The hashtag #innovation was most commonly linked to the hashtag #tech, i.e., a hashtag that describes technology; of the 32,264 messages containing the hashtag #innovation, 12,448 also included #tech. This represents 38.6% of messages (see Table 3 ). The next most common links to the hashtag #innovation were #environment, #renewables, and #technology, and each exceeded 2000 links; these hashtags represent innovative technology in renewable energy sources. Innovation in renewable energy technologies (IRET) comprises a significant aspect that influences the overall progress in renewable energy sources [61, 62] and could lead to the quicker adoption of renewable energy [63] . In general, renewable energy is considered to be a key factor in the reduction of greenhouse gas emissions and the main substitute for fossil fuels [64] . Renewable sources increase the sustainability of power engineering, the economy, the environment, and society [65] .
The hashtag #environment was the second most frequently used hashtag related to the hashtag #sustainability (see Table 2 ). In connection to the community analysis (see Table 5 ), the expression "environmental sustainability" emerges. Environmental sustainability has multiple definitions. Sustainability-oriented research [66] [67] [68] has defined environmental sustainability as a way to "improve human welfare by protecting the sources of raw materials used for human needs and ensuring that the sinks for human wastes are not exceeded" [69] and "the ability to maintain things or qualities that are valued in the natural and biological environments" [70] . In "The Concept of Environmental Sustainability," Goodland (1995) [69] concentrated on the following four elementary activities that influence the scale of human economy: (1) the use of renewable resources, (2) the use of non-renewable resources, (3) reducing air pollution, and (4) waste assimilation. This concept and these definitions could explain the links of the hashtag #environment with the hashtags #pollution, #renewable, #renewableenergy, #nature, and #innovation via the connection to renewable energy [61] [62] [63] , #climate, and #globalwarming [71] .
The hashtag #climatechange was the third most frequently used hashtag related to the hashtag #sustainability (see Table 2 ). In connection to the community analysis (see Table 5 ), this represents the main hashtag in the Climate Change and Renewable Energy community. The hashtag #climatechange had the strongest links with the hashtags #climate, #renewableenergy, and #globalwarming; this highlights the influence of renewable energy on climate change and global warming, which describe the long-term increase in the Earth's average surface temperature [72] . The impact of renewable sources on global climate change mitigation has been widely recognized [62, 73, 74] . Renewable sources are not perfect and have some disadvantages, such as higher investment costs, less reliable technology, and issues with the consistency of the energy supply [75] . Therefore, it is necessary to support innovations in the field [53] . For example, China realizes this need and strongly supports the development of renewable energy [75] in the Energy Development Strategy Action Plan (2014-2020)" [76] .
The fourth most frequently used hashtag related to the hashtag #sustainability was #tech (see Table 4 ), which was most frequently connected to the hashtags #innovation, #renewables, #housing, #environment, and #construction. The link between technological innovation and renewable energy has already been discussed in the previous paragraphs, where the main importance of linking innovations with renewable sources could be a key factor in reducing greenhouse gas emissions and the main substitute for fossil fuels [54] . In connection with #tech and #renewables, the hashtags #housing and #construction also represented buildings powered with renewable energy. For example, Norway is building a city that will be completely powered by renewable energy (e.g., the tweets "#housing #transport #Sustainability #RenewableEnergy #renewables #tech #innovation #MondayMotivation" or "Australia now has 2 million homes with solar panels. #SolarEnergy #renewables #tech #innovation #sustainability #housing #construction"). Hashtags in tweets constitute a part of the innovative technology community, along with the hashtags #innovation, #technology, #blockchain, #iot, #ai, and #smartcity (see Table 5 ). The hashtags #iot, i.e., the Internet of Things, and #ai, i.e., Artificial Intelligence, comprise two main components of #smartcities -Smart Cities [77] [78] [79] . The hashtag #CSR represents corporate social responsibility and was the fifth most frequent hashtag (see Table 4 ). Corporate social responsibility is broadly defined as a "firm's commitment to minimizing potential harmful effects of its operations on its stakeholders (owners, employees, customers, community, and the society at large) and maximizing its long-run beneficial impact on society" [80] . CSR is also important from the employee perspective. The CSR activities of a company have a significant influence on employee engagement [81] ; customer behavior in choosing products [82, 83] ; stakeholders, whereby sustainability-oriented innovation enables firms to reap financial benefits [84] ; and company owners, given that taking advantage of CSR activities leads to an increase in profits [85] . The hashtag #CSR was most strongly linked to the hashtag #esg, i.e., environmental, social, and governance (ESG). The concept of ESG refers to corporate reporting that focuses on environmental, social, and governance performance [86] . Companies using this concept show a higher performance level and a higher rate of innovation [87] . Overall, this concept encourages the use of beneficial environmental practices, such as taking measures to control pollution and the further investment of companies in improving the environment [88] .
The sixth most frequently used hashtag related to the hashtag #sustainability was #energy (see Table 4 ). This hashtag was most strongly connected to the hashtag #solar, which refers to solar energy as a renewable source. It was also linked to the hashtag #climatechange, which expresses the relationship whereby renewable energy sources are used as an important way to decrease greenhouse gas emissions [89] [90] [91] [92] . The hashtags #innovation and #environment, in relation to #energy, have been discussed in previous paragraphs. The hashtag #blockchain represents a unique occurrence here, however. Blockchain is a technology that has undergone development in the three following stages [93] : Blockchain 1.0 was mostly used for cryptocurrencies; blockchain 2.0 supported digital protocols that automatically execute predefined transaction processes without intermediaries; and blockchain 3.0 increased its autonomy by means of decentralization based on smart contracts with transaction records on the blockchain. Blockchain 2.0 can be easily used by small renewable energy producers to integrate it into new infrastructures (smart grids), and it helps maintain a balance between the energy supply and demand via the support of peer-to-peer exchange [93] [94] [95] .
The community analysis extracted six communities (see Table 5 ). The value of the modularity was very low (0.188), which indicates that the hashtags were interconnected similarly well between communities as they were within a given community. A similar phenomenon has been reported for farmers' markets, with a value of 0.221 [42] , and for organic food, with a value of 0.303 [41] . On the contrary, the area of gamification shows traits of a polarized network, with a value of 0.506 [96] , which is similar to the field of communication analysis in politics [97] .
The community analysis followed a different calculation process (see the Modularity subsection in the Methodology section) from the analysis of the interconnections between the individual hashtags by means of the edge value (Tables 3 and 4 ). For this reason, the interconnection of the individual hashtags may be different from the analysis based on the value of the edge weight.
Communities: Environmental Sustainability and Food Sustainability
The largest community was the Environmental Sustainability community. This community focuses on the environment, recycling, zero waste, and decreasing plastic use and packaging (potentially using reusable packaging), which represents a branch of so-called waste management [98, 99] . This result highlights the important problem of "plastic pollution", where many studies point out that plastic pollution is one major global challenge within environmental sustainability [100, 101] . Figure 3 shows the links of the community to the Food Sustainability community, and indicates the use of the so-called waste management concept in food production, which supports previous research [102] . Reducing food waste is crucial for the sustainability challenge in the food service industry [103] [104] [105] . 
Communities: Sustainability Awareness and Innovative Technology
The hashtag #csr, i.e., Corporate Social Responsibility, represents a key hashtag in the Sustainability Awareness community. In this community, this hashtag co-occurs with the hashtag #sdgs, i.e., Sustainable Development Goals. In 2015, a document was published, called "Transforming our world: the 2030 Agenda for Sustainable Development" [106] . The publication defined 17 Sustainable Development Goals (see the Introduction section). Another hashtag that occurred was #esg, referring to the corporate reporting of environmental, social, and governance performance [86] . For Circular Economy (hashtag #circulareconomy), no unified definition exists [107] . Circular economy is gaining importance for a sustainable future [108] but represents a rather theoretical concept that companies have tried to implement [109] by reducing their consumption of raw materials, designing more eco-friendly products (eco-design), and recovering raw materials from the waste flow [110, 111] . The current emphasis is on the so-called supply chain, where CSR comprises a key component for organizations that deliver economic, social, and environmental benefits [112] . All these hashtags (#csr, #sdgs, #esg, #circulareconomy, and #supplychain) are linked to business. Companies are urged to integrate this concept into their business [113] [114] [115] . This community, shown in Figure 3 , is connected to the Innovate Technology community, which focuses on innovation (#innovation), technology (#tech), artificial intelligence and the Internet of Things (#ai and #iot), blockchain (#blockchain), and smart cities (#smartcity). This result is supported by the fact that CSR is an important tool for the communication of values, especially for companies with a focus on innovative technology [116] . The Whole Innovative Technology community concentrates on technologies that support environmental sustainability.
Communities: Climate Change and Renewable Energy and Green Architecture
These communities are focused on the influence of energy and renewable energy on climate change. The impact of renewable sources on climate change by means of decreasing greenhouse gas emissions has been proven [89] [90] [91] [92] . These communities mostly connect to the Green Architecture community, as shown in Figure 3 . Green architecture, also known as sustainable architecture or green building, refers to the construction of buildings using environmentally friendly principles [117] , such as eco-friendly building materials [118] , energy-efficient lighting, water-saving plumbing, and alternate power sources such as solar or wind power [119] . This concept helps to harmonize economic growth and environmental protection for sustainable development [120] . Table 5 . Communities extracted from the reduced network. 
Communities: Sustainability Awareness and Innovative Technology
Communities: Climate Change and Renewable Energy and Green Architecture
These communities are focused on the influence of energy and renewable energy on climate change. The impact of renewable sources on climate change by means of decreasing greenhouse gas emissions has been proven [89] [90] [91] [92] . These communities mostly connect to the Green Architecture community, as shown in Figure 3 . Green architecture, also known as sustainable architecture or green building, refers to the construction of buildings using environmentally friendly principles [117] , such as eco-friendly building materials [118] , energy-efficient lighting, water-saving plumbing, and alternate power sources such as solar or wind power [119] . This concept helps to harmonize economic growth and environmental protection for sustainable development [120] .
Finally, some limitations of our study deserve attention. First of all, like other social network analyses, this study focuses only on one social network [39, 40, 108, 109] and on English keywords. Second, the study analyzes the current situation and does not deal with predictions for the future. In our future research, we will focus on using artificial intelligence to predict trends in social network communication. Third, the study analyzed the global data without regional differences. In future studies, it will be possible to analyse these differences (for example, developing countries vs. developed countries; EU vs. Asia; etc.).
Moreover, future research should focus on a proposal of decision-making support, developing a dynamic model for a large-scale communication design and an analytic framework. It will enable sophisticated decisions based on the knowledge of a broad range of factors influencing communications on social media, therefore allowing for more effective campaigns. Moreover, future research will also focus on periodical data collection to analyse the trends in communities. Such long term research will be tightly coupled with an analysis of international sustainability policies, which will lead to the analysis of the influence of these policies on community opinions.
Conclusions
This work contributes, both methodologically and conceptually, to the knowledge and discussion on sustainability. Our study has proposed new methods to identify current key areas of communication by means of a hashtag analysis on social networks in the area of sustainability. Furthermore, it provides fundamental information about the communication of sustainability in the Twitter social network. This research provides a tool for monitoring and identifying current technological trends, which could be crucial for government policy, research and development, strategic planning, social investment, and enterprise practices, e.g., creating support for an alternative business model for food producers with connections to food sustainability or energy producers, such as solar or wind energy. From companies' point of view, social network analysis is a usable and approachable tool for identifying current trends, such as the use of blockchain as a technology for small energy producers to balance the energy supply from renewable resources.
The communication analysis of posts within the Twitter social network that were related to the hashtag #sustainability showed that there was a heavy emphasis on innovation, mainly in the area of the environment (#environment and #environments), climate change (#climatechange) and renewable energy sources (#energy and #renewableenergy). The frequency and eigenvector centrality value analyses identified other significant hashtags, namely: #tech in relation to innovation in the field of renewable sources and #csr (Corporate Social Responsibility), mainly in connection to the hashtag #esg. The hashtag #esg refers to corporate reporting that focuses on environmental, social, and governance performance, and, finally, the hashtag #energy is in relation to climate change and innovation in renewable sources. Nevertheless, these results are not only caused by communication between individuals. The companies in the sector of renewable energy and environmental sustainability perceive the importance of communication with the community, and they are using social networks as an effective channel for a two-way communication with target groups.
The community analyses allowed us to define six key areas that were communicated on the Twitter social network: (1) Environmental Sustainability, (2) Sustainability awareness, (3) Renewable energy and Climate change, (4) Innovative Technology, (5) Green Architecture, and (6) Food Sustainability. The intersection of the results showed that innovations that focus on renewable sources to improve the environment are the main topic on the Twitter social network. The community analysis has also identified important findings regarding a low polarity between communities. There is even a high interdependence of some communities (Environmental Sustainability is interconnected with Food Sustainability; Sustainability Awareness interacts with Innovative Technology; the Climate Change and Renewable Energy community has a significant intersection with Green Architecture), which is important for a comprehensive understanding of all sustainability communication on Twitter.
Social media has become a particularly important platform for discussing sustainability in various contexts. Twitter's pervasiveness makes it a convenient tool for a discussion stimulation that may encourage interactions with savvy consumers who expect to be able to hold a dialogue about the topic. It appears to be the right medium to develop a brand voice, particularly for small-and medium-sized businesses (with limited time and resources), and to prepare a strategic communication plan to connect with key stakeholders and the public.
Based on this knowledge, it is possible to identify the following highlights regarding communication on Twitter connected to sustainability:
•
The most interconnected topic with sustainability is area of innovation; • Innovation is linked to technology (45% of all Tweets related to innovation), which is linked the most to the environment (26% of all Tweets related to technology); • Innovation, in terms of renewable energy, is focused on climate change via the reduction of greenhouse gas emissions; • CSR, in relation to sustainability, is focused on ESG principles.
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